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(54) Method for filling a polygon and image processing system 



(57) For a polygon without self -intersection, with 
one of fine segments constituting the outline of the pol- 
ygon selected sequentially in the counterclockwise rota- 
tion, all the bits in the right direction of the selected line 
segment on the horizontal coordinate, inclusive of those 
for the selected line segment, on the plane work area (1 
bit/pixel) of the work memory are inverted to draw (Step 
S22). Subsequently, only some of the line segments 

FIG. 1 



constituting the outline of the polygon whose vectors 
are in the upward direction (which makes an upward 
vertical-coordinate variation) are further drawn on the 
work memory (2A) (Step S23). Finally, the drawing infor- 
mation is transferred with extension from the work mem- 
ory to the display memory (Step S24). Having the above 
steps, a method for achieving proper filling of a polygon 
with a decrease in load on a processor is provided. 



CM 
< 
CO 

in 

CO 
CO 



Q. 

LU 



( CP-ROM^ 



6 



CPU 



MBMORY 

| WORK MEMORY* 



z 10 



DISPLAY 
CIRCUIT 



DISPLAY 
MEMORY 



Printed by Xerox (UK) Business Services 
2.16.6/3.4 



1 



EP0 881 598 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method for filling 
a polygon to be displayed in computer graphics based 
on the information stored in a display memory. 

Description of the Background Art 

Filling of a polygon in computer graphics has been 
implemented by using a scan line method and the like in 
the background art. This is a method in which a polygon 
is scanned from top to bottom with a horizontal line 
called a scan line to draw according to the following 
steps: 

1 . Take the scan line at the top of a polygon, 

2. Repeat the following steps until the scan line 
reaches the bottom; 

2-1. Obtain sides which intersect the scan line, 
2-2. Obtain points of intersection of the scan 
line and these sides, 

2-3. Sort the points of intersection according to 
x-coordinate, 

2-4. Make pairs of two points of intersection in 
ascending order of x-coordinate and fill the two 
through, 

2-5. Move to a lower scan line by one, 

3. End. 

In the step 2-2 of obtaining points of intersection of 
the scan line and these sides, when a point of intersec- 
tion is a vertex of a polygon and the vectors of two sides 
have upward and downward directions, an exceptional 
process is performed, assuming that there are two 
points of intersection at the vertex. With respect to an 
object of Fig. 59, the exceptional process is performed 
on the points at the coordinates (S1, H4), (S2, H11), 
(S5, H8), (S6. H7), (S8, H5) and (S10, H11). 

For example, when the line segments in the object 
of Fig. 59 are selected in a counterclockwise rotation as 
shown in Fig. 60, as the line-segment vector A1 (H4-H8, 
S1-S5) is in an upward direction (which makes an 
upward vertical-coordinate variation) and the line-seg- 
ment vector A2 (H1-H4, S4-S1) is in a downward direc- 
tion (which makes a downward vertical -coordinate 
variation), it is assumed that there are two points of 
intersection at the coordinate (H4, S1) having two sides 
of the vectors A1 and A2. 

On the other hand, another method for filling a pol- 
ygon is an outline font method, using a drawing work 
memory of 1 bit/pixel. This is a method in which the bits 
for the line segments of a polygon and in their right 



directions are inverted in a work memory (1 bit/pixel) 
having a minimum rectangular which surrounds an area 
to be drawn to make a drawing in the area of 1 bit/pixel 
and the drawing information in the work memory is 

5 transferred with extension to a display memory to draw 
a filled polygon thereon. 

In the outline font method, based on outline infor- 
mation defining line segments constituting the outline of 
a polygon to be filled, selecting a line segment in a pre- 

10 determined rotation, all the bits for the selected line seg- 
ment and in its right direction on horizontal coordinate 
on the work memory are inverted to draw a filled object 
on the work memory. This process is performed accord- 
ing to the following conditions A) to G): 

15 

A) When both a line segment to be now subjected 
to the bit inversion and a line segment to be next 
have upward vectors (which makes an upward ver- 
tical-coordinate variation), the bits in the right direc- 

20 tion of the line segment inclusive of the initial point 
and not inclusive of the terminal point are inverted. 

B) When both a line segment to be now subjected 
to the bit inversion and a line segment to be next 
have downward vectors (which makes a downward 

25 vertical-coordinate variation), the bits in the right 
direction of the line segment inclusive of the initial 
point and not inclusive of the terminal point are 
inverted. 

C) When a line segment to be now subjected to the 
30 bit inversion has an upward vector and a line seg- 
ment to be next has a downward vector, the bits in 
the right direction of the line segment inclusive of 
the initial point and the terminal point are inverted. 

D) When a line segment to be now subjected to the 
35 bit inversion has a downward vector and a line seg- 
ment to be next has an upward vector, the bits in the 
right direction of the line segment inclusive of the 
initial point and the terminal point are inverted. 

E) When a line segment to be now subjected to the 
40 bit inversion has a downward vector and a line seg- 
ment to be next has a horizontal vector (which 
makes no vertical -coordinate variation), the bits in 
the right direction of the line segment inclusive of 
the initial point and not inclusive of the terminal 

45 point are inverted. 

F) When a line segment to be now subjected to the 
bit inversion has an upward vector and a line seg- 
ment to be next has a horizontal vector (which 
makes no vertical -coordinate variation), the bits in 

so the right direction of the line segment inclusive of 
the initial point and not inclusive of the terminal 
point are inverted. 

G) When a line segment to be now subjected to the 
bit inversion has a horizontal vector and a line seg- 

55 ment to be next has a downward vector, the bits in 
the right direction of the line segment inclusive of 
the initial point and not inclusive of the terminal 
point are inverted. 
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H) When a line segment to be now subjected to the 
bit inversion has a horizontal vector and a line seg- 
ment to be next has an upward vector, the bits in the 
right direction of the line segment inclusive of the 
initial point and not inclusive of the terminal point 
are inverted. 

The outline font method will be discussed below, 
taking a triangle to be filled having the outline shown in 
Fig. 61 as an example. First, the coordinates of three 
vertices {P1(H8, S2), P2(H2, S15), P3(H16, S11)} are 
obtained as the outline information. 

With respect to a triangle to be filled, the line-seg- 
ment vectors L1 (H2-H8, S15-S2), L2 (H16-H2, S11- 
S15) and L3 (H8-H16, S2-S11) are selected in this 
order in a counterclockwise rotation as shown in Fig. 62. 
A plane work area on the work memory is blank (noth- 
ing is drawn) in an initial state. 

First, the line segment L1 is obtained from the coor- 
dinates of the vertices P1 and P2 given as the outline 
information, using an already-existing linear algorithm 
such as Bresenham algorithm, as shown in Figs. 63 and 
64, and all the bits in the right direction of the line seg- 
ment L1 on the horizontal coordinate on the plane work 
area (1 bit/pixel) of the work memory are inverted for 
drawing. 

Fig. 63 shows a halfway state of the bit inversion of 
the line segment L1 and Fig. 64 shows the final result of 
the bit inversion. As the line segment L1 is in the down- 
ward direction and the line segment L2 is in the upward 
direction, according to the condition D), the bits in the 
right direction of the line segment L1 inclusive of the ini- 
tial point and the terminal point are inverted. 

Secondly, the line segment L2 is obtained from the 
coordinates of the vertices P2 and P3 given as the out- 
line. information, using the already-existing linear algo- 
rithm such as Bresenham algorithm, as shown in Fig. 
65 and all the bits in the right direction of the line seg- 
ment L2 on the horizontal coordinate on the plane work 
area (1 bit/pixel) of the work memory are inverted. As a 
result, some of the already-drawn bits of Fig. 64 are 
inverted again to be back in blank. 

Fig. 65 shows a halfway state of the bit inversion of 
the line segment L2. As the line segments L2 and L3 are 
both in the upward direction, according to the condition 
A), the bits in the right direction of the line segment L2 
inclusive of the initial point and not inclusive of the termi- 
nal point are inverted. 

Similarly, the line segment L3 is obtained from the 
outline information, and all the bits in the right direction 
of the line segment L3 on the horizontal coordinate on 
the plane work area (1 bit/pixel) of the work memory are 
inverted, to complete the triangle which is filled inside as 
shown in Fig. 66. As the line segment L3 is in the 
upward direction and the line segment L1 is in the 
downward direction, according to the condition C), the 
bits in the right direction of the line segment L3 inclusive 
of the initial point and the terminal point are inverted. 



After that, the drawing information on the plane 
work area of the work memory is transferred with exten- 
sion to a plane display area of the display memory and 
the triangle which is filled inside is displayed, based on 
5 the information stored in the display memory. "Exten- 
sion" refers to addition of another information such as 
color information. 

Furthermore, in the above outline font method, 
though the bits in the right direction of each line seg- 
10 ment of a polygon are inverted, it is possible, on the 
same principle, that the bits in the left direction of each 
line segment of the polygon are inverted. 

When it is intended that a large object is drawn 
through this method, the object is divided into parts so 
15 that each of the parts can be processed on the plane 
work area of the work memory. The divided parts are 
filled on the respective plane work areas of the work 
memory and then sequentially transferred to the display 
memory. That allows filling of a large object even with a 
20 work memory having small plane work areas. 

The background-art computer graphics adopts the 
scan line method or the outline font method as dis- 
cussed above. 

The scan line method needs a sort of points of 
25 intersection at every raster (scan line) and a relatively 
large memory to store information on line segments (ini- 
tial point, terminal point, slope and the like). 

As the number of vertices increases, the number of 
memories increases since memories as much as verti- 
30 ces are needed and also the load on the processor 
increases with an increase in the number of points of 
intersection to be sorted. 

On the other hand, the outline font method is not 
likely to have the above disadvantage but has another 
35 problem of inaccuracy of filling due to 1 -bit ( 1 -pixel) lack 
on the right side (lack on the left side in a case of the bit 
inversion in the left direction) of the drawn polygon in 
drawing a polygon on the 1 -bit/pixel plane work area of 
the work memory according to the conditions A) to H). 

40 

SUMMARY OF THE INVENTION 

The present invention is directed to a method for fill- 
ing a polygon, using an image processing system which 

45 has a work memory having a rectangular memory area 
of a plurality of bits, for storing information of one pixel 
by n (n ^ 1) bits and a display memory having a rectan- 
gular memory area of a plurality of bits, for storing infor- 
mation of one pixel by m (m > n) bits and displays an 

so image based on the information stored in the display 
memory, to fill the inside of the polygon. The work mem- 
ory is blank in an initial state. According to a first aspect 
of the present invention, the method comprises the 
steps of: (a) obtaining outline information defining line 

55 segments constituting an outline of a polygon to be 
filled; (b) performing bit inversion to make drawing of 
filled polygon through inverting ail bits in a predeter- 
mined horizontal direction on a horizontal coordinate of 
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the work memory corresponding to each of the line seg- 
ments while selecting each of the line segments consti- 
tuting the outline of the polygon to be filled in a 
predetermined rotation based on the outline informa- 
tion; (c) further drawing the line segments constituting 5 
the outline of the polygon to be filled on the work mem- 
ory where the drawing of filled polygon is performed 
based on the outline information; and (d) transferring 
information stored in the work memory to the display 
memory after the step (c). 10 

According to a second aspect of the present inven- 
tion, in the method of the first aspect, the step (c) 
includes the step of drawing all the line segments con- 
stituting the outline of the polygon to be filled and 
selected in the predetermined rotation. is 

According to a third aspect of the present invention, 
in the method of the first aspect, the polygon to be filled 
includes a polygon without self-intersection, the bit 
inversion in the step (b) includes one of a first inversion 
mode for inverting bits inclusive of those corresponding 20 
to the line segments on the work memory and a second 
inversion mode for inverting bits not inclusive of those 
corresponding to the line segments, the step (c) 
includes the step of drawing only some of the line seg- 
ments constituting the outline of the polygon to be filled 25 
and selected in the predetermined rotation whose vec- 
tors have a vertical variation in a predetermined vertical 
direction, and the predetermined vertical direction is 
determined by the bit inversion, the predetermined rota- 
tion and the predetermined horizontal direction, in 30 
which some of the line segments which fail to be drawn, 
lacking, in the bit inversion of the step (b) have a vertical 
variation. 

According to a fourth aspect of the present inven- 
tion, the method for filling a polygon comprises the 35 
steps of: (a) obtaining outline information defining line 
segments constituting an outline of a polygon without 
self-intersection to be filled; and (b) performing bit inver- 
sion to make drawing of filled polygon through inverting 
all bits in a predetermined horizontal direction on a nor- 40 
izontal coordinate of the work memory corresponding to 
each of the line segments while selecting each of the 
line segments constituting the outline of the polygon to 
be filled in a predetermined rotation based on the out- 
line information. In the method of the fourth aspect, the 45 
bit inversion includes one of a first inversion mode for 
inverting bits inclusive of those corresponding to the line 
segments on the work memory and a second inversion 
mode for inverting bits not inclusive of those corre- 
sponding to the line segments. According to the fourth 50 
aspect, the method further comprises the steps of; (c) 
transferring information stored in the work memory to 
the display memory after the step (b); and (d) drawing 
only some of the line segments constituting the outline 
of the polygon to be filled and selected in the predeter- 55 
mined rotation whose vectors have a vertical variation in 
a predetermined vertical direction on the display mem- 
ory based on the outline information after the step (c). In 



the method of the fourth aspect, the predetermined ver- 
tical direction is determined by the bit inversion, the pre- 
determined rotation and the predetermined horizontal 
direction, in which some of the line segments which fail 
to be drawn, lacking, in the bit inversion of the step (b) 
have a vertical variation. 

According to a fifth aspect of the present invention, 
in the method of the third or fourth aspect, the bit inver- 
sion includes the first inversion mode, the predeter- 
mined rotation includes a counterclockwise rotation, the 
predetermined horizontal direction includes a right 
direction, and the predetermined vertical direction 
includes an upward direction. 

According to a sixth aspect of the present invention, 
in the method of the third or fourth aspect, the bit inver- 
sion includes the first inversion mode, the predeter- 
mined rotation includes a clockwise rotation, the 
predetermined horizontal direction includes a right 
direction, and the predetermined vertical direction 
includes a downward direction. 

According to a seventh aspect of the present inven- 
tion, in the method of the third or fourth aspect, the bit 
inversion includes the second inversion mode, the pre- 
determined rotation includes a counterclockwise rota- 
tion, the predetermined horizontal direction includes a 
right direction, and the predetermined vertical direction 
includes a downward direction. 

According to an eighth aspect of the present inven- 
tion, in the method of the third or fourth aspect, the bit 
inversion includes the second inversion mode, the pre- 
determined rotation includes a clockwise rotation, the 
predetermined horizontal direction includes a right 
direction, and the predetermined vertical direction 
includes an upward direction. 

According to a ninth aspect of the present inven- 
tion, the method for filling a polygon comprises the 
steps of: (a) obtaining outline information defining line 
segments constituting an outline of a polygon without 
self-intersection to be filled; (b) performing bit inversion 
to make drawing of filled polygon through inverting all 
bits in a predetermined horizontal direction on a hori- 
zontal coordinate of the work memory corresponding to 
each of the line segments while selecting each of the 
line segments constituting the outline of the polygon to 
be filled in a predetermined rotation based on the out- 
line information; (c) transferring information stored in 
the work memory to the display memory after the step 
(b). In the method of the ninth aspect, the bit inversion 
includes a first inversion mode for inverting bits inclusive 
of those corresponding to the line segments on the work 
memory and a second inversion mode for inverting bits 
not inclusive of those corresponding to the line seg- 
ments, and some of the line segment constituting the 
outline of the polygon to be filled and selected in the 
predetermined rotation whose vectors have a vertical 
variation in a first vertical direction are subjected to the 
bit inversion in the first inversion mode and some whose 
vectors have a vertical variation in a second vertical 
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direction are subjected to the bit inversion in the second 
inversion mode, and the first and second vertical direc- 
tions is determined by the predetermined rotation and 
the predetermined horizontal direction so that some of 
the line segments whose vectors have a vertical varia- 5 
tion in the first vertical direction can be drawn with no 
lack when the bit inversion is performed in the first inver- 
sion mode and some of the line segments whose vec- 
tors have a vertical variation in the second vertical 
direction can be drawn with no lack when the bit inver- 10 
sion is performed in the second inversion mode. 

According to a tenth aspect of the present inven- 
tion, in the method of the ninth aspect, the predeter- 
mined rotation includes a counterclockwise rotation, the 
predetermined horizontal direction includes a right is 
direction, the first predetermined vertical direction 
includes a downward direction, and the second prede- 
termined vertical direction includes an upward direction. 

According to an eleventh aspect of the present 
invention, in the method of the ninth aspect, the prede- 20 
termined rotation includes a clockwise rotation, the pre- 
determined horizontal direction includes a right 
direction, the first predetermined vertical direction 
includes an upward direction, and the second predeter- 
mined vertical direction includes a downward direction. 25 

The present invention is also directed to a compu- 
ter-readable recording medium for recording a program. 
According to a twelfth aspect of the present invention, 
the computer-readable recording medium records the 
method for filling a polygon, using an image processing 30 
system which has a work memory having a rectangular 
memory area of a plurality of bits, for storing information 
of one pixel by n (n ^ 1) bits and a display memory hav- 
ing a rectangular memory area of a plurality of bits, for 
storing information of one pixel by m (m > n) bits and 35 
displays an image based on the information stored in 
the display memory, to fill the inside of the polygon, 
under a control of a computer. The work memory is 
blank in an initial state. The recording medium records a 
program to perform the steps of (a) obtaining outline 40 
information defining line segments constituting an out- 
line of a polygon to be filled; (b) performing bit inversion 
to make drawing of filled polygon through inverting all 
bits in a predetermined horizontal direction on a hori- 
zontal coordinate of the work memory with respect to as 
each of the line segments while selecting each of the 
line segments constituting the outline of the polygon to 
be filled in a predetermined rotation based on the out- 
line information; (c) further drawing the line segments 
constituting the outline of the polygon to be filled on the so 
work memory where the drawing of filled polygon is per- 
formed based on the outline information; and (d) trans- 
ferring information stored in the work memory to the 
display memory after the step (c). 

According to a thirteenth aspect of the present ss 
invention, the computer-readable recording medium 
records the method for filling a polygon, using an image 
processing system which has a work memory having a 



rectangular memory area of a plurality of bits, for storing 
information of one pixel by n (n s 1) bits and a display 
memory having a rectangular memory area of a plurality 
of bits, for storing information of one pixel by m (m > n) 
bits and displays an image based on the information 
stored in the display memory, to fill the inside of the pol- 
ygon, under a control of a computer. The work memory 
is blank in an initial state. The recording medium 
records a program to perform the steps of (a) obtaining 
outline information defining line segments constituting 
an outline of a polygon without self-intersection to be 
filled; and (b) performing bit inversion to make drawing 
of filled polygon through inverting all bits in a predeter- 
mined horizontal direction on a horizontal coordinate of 
the work memory with respect to each of the line seg- 
ments while selecting each of the line segments consti- 
tuting the outline of the polygon to be filled in a 
predetermined rotation based on the outline informa- 
tion. In the method, the bit inversion includes one of a 
first inversion mode for inverting bits inclusive of those 
for the line segments on the work memory and a second 
inversion mode for inverting bits not inclusive of those 
for the line segments. According to the thirteenth 
aspect, the recording medium records the program to 
further perform the steps of; (c) transferring information 
stored in the work memory to the display memory after 
the step (b); and (d) drawing only some of the line seg- 
ments constituting the outline of the polygon to be filled 
and selected in the predetermined rotation whose vec- 
tors have a vertical variation in a predetermined vertical 
direction on the display memory based on the outline 
information after the step (c). In the method, the prede- 
termined vertical direction depends on the bit inversion, 
the predetermined rotation and the predetermined hori- 
zontal direction, in which some of the line segments 
which fail to be drawn, lacking, in the bit inversion of the 
step (b) have a vertical variation. 

According to a fourteenth aspect of the present 
invention, the computer- readable recording medium 
records the method for filling a polygon, using an image 
processing system which has a work memory having a 
rectangular memory area of a plurality of bits, for storing 
information of one pixel by n (n ^ 1) bits and a display 
memory having a rectangular memory area of a plurality 
of bits, for storing information of one pixel by m (m > n) 
bits and displays an image based on the information 
stored in the display memory, to fill the inside of the pol- 
ygon, under a control of a computer. The work memory 
is blank in an initial state. The recording medium 
records a program to perform the steps of (a) obtaining 
outline information defining line segments constituting 
an outline of a polygon without self-intersection to be 
filled; (b) performing bit inversion to make drawing of 
filled polygon through inverting all bits in a predeter- 
mined horizontal direction on a horizontal coordinate of 
the work memory with respect to each of the line seg- 
ments while selecting each of the line segments consti- 
tuting the outline of the polygon to be filled in a 
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predetermined rotation based on the outline informa- 
tion; (c) transferring information stored in the work 
memory to the display memory after the step (b). In the 
method, the bit inversion includes a first inversion mode 
for inverting bits inclusive of those for the line segments 5 
on the work memory and a second inversion mode for 
inverting bits not inclusive of those for the line seg- 
ments, and some of the line segment constituting the 
outline of the polygon to be filled and selected in the 
predetermined rotation whose vectors have a vertical 
variation in a first vertical direction are subjected to the 
bit inversion in the first inversion mode and some whose 
vectors have a vertical variation in a second vertical 
direction are subjected to the bit inversion in the second 
inversion mode, and the first and second vertical direc- 
tions depend on the predetermined rotation and the pre- 
determined horizontal direction so that some of the line 
segments whose vectors have a vertical variation in the 
first vertical direction can be drawn with no lack when 
subjected to the bit inversion in the first inversion mode 
and some of the line segments whose vectors have a 
vertical variation in the second vertical direction can be 
drawn with no lack when subjected to the bit inversion in 
the second inversion mode. 

In accordance with the method for filling a polygon 
of the first aspect of the present invention, in the step 
(c), the line segments constituting the outline of the pol- 
ygon to be filled are further drawn based on the outline 
information on the work memory where the drawing of 
filled polygon is performed, and therefore a properly- 30 
filled polygon can be obtained even if an incompletely- 
filled polygon with some of the line segments constitut- 
ing the outline lacking is drawn in the step (b). 

Moreover, as the work memory has smaller number 
of bits for one pixel than the display memory, performing 35 
the step (c) on the work memory reduces the number of 
memory accesses and suppresses the load on the 
CPU, thus achieving faster drawing of filled polygon. 

. In accordance with the method of the second 
aspect of the present invention, since all the line seg- 40 
ments constituting the outline of the polygon to be filled 
and selected in the predetermined rotation are drawn in 
the step (c), a properly-filled polygon can be surely 
obtained from an incompletely-filled polygon with some 
of the line segments constituting the outline lacking. 45 

In accordance with the method of the third aspect of 
the present invention, in the step (c), only some of the 
line segments constituting the outline of the polygon to 
be filled and selected in the predetermined rotation 
whose vectors have a vertical variation in the second so 
vertical direction. The second direction is a direction in 
which some of the line segments which fail to be drawn, 
lacking, in the bit inversion of the step (b) have a vertical 
variation. 

Therefore, instead of all the line segments consti- 55 
tuting the outline of the polygon, only some of the line 
segments whose vectors are in the second vertical 
direction, which are needed for proper filling of the poly- 



gon, are efficiently drawn in the step (c), and much 
faster drawing of filled polygon is thereby realized. 

in accordance with the method of the fourth aspect 
of the present invention, in the step (d), only some of the 
line segments constituting the outline of the polygon to 
be filled and selected in the predetermined rotation 
whose vectors have a vertical variation in the second 
vertical direction. The second direction is a direction in 
which some of the line segments which fail to be drawn, 
lacking, in the bit inversion of the step (b) have a vertical 
variation 

Therefore, instead of all the line segments consti- 
tuting the outline of the polygon, only some of the line 
segments whose vectors are in the second vertical 
direction, which are needed for proper filling of the poly- 
gon, are efficiently drawn in the step (d), and much 
faster drawing of filled polygon is thereby realized. 

In accordance with the method of the fifth aspect of 
the present invention, when the bit inversion is per- 
formed in the first inversion mode to invert bits inclusive 
of those corresponding to the line segments on the work 
memory, the predetermined rotation is the counterclock- 
wise rotation and the predetermined horizontal direction 
is the right direction, the second vertical direction is 
uniquely determined to be the upward direction. 

In accordance with the method of the sixth aspect 
of the present invention, when the bit inversion is per- 
formed in the first inversion mode to invert bits inclusive 
of those corresponding to the line segments on the work 
memory, the predetermined rotation is the clockwise 
rotation and the predetermined horizontal direction is 
the right direction, the second vertical direction is 
uniquely determined to be the downward direction. 

In accordance with the method of the seventh 
aspect of the present invention, when the bit inversion is 
performed in the second inversion mode to invert bits 
not inclusive of those corresponding to the line seg- 
ments on the work memory, the predetermined rotation 
is the counterclockwise rotation and the predetermined 
horizontal direction is the right direction, the second ver- 
tical direction is uniquely determined to be the down- 
ward direction. 

In accordance with the method of the eighth aspect 
of the present invention, when the bit inversion is per- 
formed in the second inversion mode to invert bits not 
inclusive of those corresponding to the line segments 
on the work memory, the predetermined rotation is the 
clockwise rotation and the predetermined horizontal 
direction is the right direction, the second vertical direc- 
tion is uniquely determined to be the upward direction. 

In accordance with the method of the ninth aspect 
of the present invention, the bit inversion of the step (b) 
includes the first inversion mode for inverting bits inclu- 
sive of those corresponding to the line segments on the 
work memory and the second inversion mode for invert- 
ing bits not inclusive of those corresponding to the line 
segments, and some of the line segments constituting 
the outline of the polygon to be filled and selected in the 
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predetermined rotation whose vectors have a vertical 
variation in the first vertical direction are subjected to 
the bit inversion in the first inversion mode and some 
whose vectors have a vertical variation in the second 
vertical direction are subjected to the bit inversion in the 
second inversion mode. 

Further, the first and second vertical directions are 
determined so that some of the line segments whose 
vectors have a vertical variation in the first vertical direc- 
tion can be drawn with no lack when the bit inversion is 
performed in the first inversion mode and some of the 
line segments whose vectors have a vertical variation in 
the second vertical direction can be drawn with no lack 
when the bit inversion is performed in the second inver- 
sion mode. 

As a result, since a proper filling of the polygon can 
be achieved by only one operation of the step (b), much 
faster drawing of filled polygon is realized. 

Moreover, as the work memory has smaller number 
of bits for one pixel than the display memory, performing 
the step (b) on the work memory reduces the number of 
memory accesses and suppresses the load on the 
CPU, thus achieving faster drawing of filled polygon. 

In accordance with the method of the tenth aspect 
of the present invention, when the predetermined rota- 
tion is the counterclockwise rotation and the predeter- 
mined horizontal direction is the right direction, the first 
and second vertical directions are uniquely determined 
to be the downward and upward directions, respectively. 

In accordance with the method of the eleventh 
aspect of the present invention, when the predeter- 
mined rotation is the clockwise rotation and the prede- 
termined horizontal direction is the right direction, the 
first and second vertical directions are uniquely deter- 
mined to be the upward and downward directions, 
respectively. 

In the step (c) performed in accordance with the 
program recorded in the recording medium of the 
twelfth aspect of the present invention, the line seg- 
ments constituting the outline of the polygon to be filled 
are further drawn based on the outline information on 
the work memory where the drawing of filled polygon is 
performed, and a properly-filled polygon can be there- 
fore obtained even if an incompletely-filled polygon with 
some of the line segments constituting the outline lack- 
ing is drawn in the step (b). 

In the step (d) performed in accordance with the 
program recorded in the recording medium of the thir- 
teenth aspect of the present invention, only some of the 
line segments constituting the outline of the polygon to 
be filled and selected in the predetermined rotation 
whose vectors have a vertical variation in the second 
vertical direction are drawn. The second direction is a 
direction in which some of the line segments which fail 
to be drawn, lacking, in the bit inversion of the step (b) 
have a vertical variation. . 

Therefore, instead of all the line segments consti- 
tuting the outline of the polygon, only some of the line 



12 

segments whose vectors are in the second vertical 
direction, which are needed for proper filling of the poly- 
gon, are efficiently drawn in the step (c). and much 
faster drawing of filled polygon is thereby realized. 

s In the step (b) performed in accordance with the 

program recorded in the recording medium of the four- 
teenth aspect of the present invention, the bit inversion 
includes the first inversion mode for inverting bits inclu- 
sive of those corresponding to the line segments on the 

to work memory and the second inversion mode for invert- 
ing bits not inclusive of those corresponding to the line 
segments, and some of the line segment constituting 
the outline of the polygon to be filled and selected in the 
predetermined rotation whose vectors have a vertical 

is variation in the first vertical direction are subjected to 
the bit inversion in the first inversion mode and some 
whose vectors have a vertical variation in the second 
vertical direction are subjected to the bit inversion in the 
second inversion mode. 

20 Further, the first and second vertical directions are 
determined so that some of the line segments whose 
vectors have a vertical variation in the first vertical direc- 
tion can be drawn with no lack when subjected to the bit 
inversion in the first inversion mode and some of the line 

25 segments whose vectors have a vertical variation in the 
second vertical direction can be drawn with no lack 
when subjected to the bit inversion in the second inver- 
sion mode. 

As a result, since a proper filling of the polygon can 
30 be achieved by only one operation of the step (b) per- 
formed in accordance with the program recorded in the 
recording medium of the fourteenth aspect, much faster 
drawing of filled polygon is realized. 

Moreover, as the work memory has smaller number 
35 of bits for one pixel than the display memory, performing 
the step (b) on the work memory reduces the number of 
memory accesses and suppresses the load on the 
CPU, thus achieving faster drawing of filled polygon. 
An object of the present invention is to provide a 
40 method for accurate filling of a polygon with a decrease 
in the load on a processor. 

These and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
45 present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 Fig. 1 is a block diagram showing a hardware con- 
struction used in all preferred embodiments of the 
present invention; 

Figs. 2 to 4 are block diagram showing another 
hardware constructions; 
55 Fig. 5 is a flow chart of process for filling a polygon 
in accordance with a method of a first preferred 
embodiment; 

Fig. 6 is a flow chart of process for filling a polygon 
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in accordance with a method of a second preferred 
embodiment; 

Fig. 7 is a flow chart of process for filling a polygon 
in accordance with a method of a third preferred 
embodiment; s 
Fig. 8 is a flow chart of process for filling a polygon 
in accordance with a method of a fourth preferred 
embodiment; 

Fig. 9 is a flow chart of process for filling a polygon 
in accordance with a method of a fifth preferred 10 
embodiment; 

Fig. 10 is a flow chart of process for filling a polygon 
in accordance with a method of a sixth preferred 
embodiment; 

Fig. 1 1 is a flow chart of process for filling a polygon is 
in accordance with a method of a seventh preferred 
embodiment; 

Fig. 12 is an illustration of a polygon with self -inter- 
section; 

Fig. 13 is an illustration of the method for filling a 20 
polygon in accordance with the first preferred 
embodiment of the present invention; 
Fig. 14 is a schematic view of the method for filling 
a polygon in accordance with the first preferred 
embodiment; 25 
Figs. 15 to 19 are illustrations of the method for fill- 
ing a polygon in accordance with the first preferred 
embodiment; 

Figs. 20 to 25 are illustrations of the method for fill- 
ing a polygon in accordance with the second pre- 30 
ferred embodiment of the present invention; 
Figs. 26 to 31 are illustrations of the method for fill- 
ing a polygon in accordance with the third preferred 
embodiment of the present invention; 
Fig. 32 is an illustration of the method for filling a 35 
polygon in accordance with the fourth preferred 
embodiment of the present invention; 
Fig. 33 is a schematic view of the method for filling 
a polygon in accordance with the fourth preferred 
embodiment; 40 
Figs. 34 to 38 are illustrations of the method for fill- 
ing a polygon in accordance with the fourth pre- 
ferred embodiment of the present invention; 
Figs. 39 to 44 are illustrations of the method for fill- 
ing a polygon in accordance with the fifth preferred 45 
embodiment of the present invention; 
Figs. 45 to 47 are illustrations of the method for fill- 
ing a polygon in accordance with the sixth preferred 
embodiment of the present invention; 
Figs. 48 and 49 are illustrations of areas to be so 
inverted according to a second inversion mode; 
Figs. 50 to 51 are illustrations of the method for fill- 
ing a polygon in accordance with the sixth preferred 
embodiment of the present invention; 
Figs. 52 and 53 are illustrations of the method for 55 
filling a polygon in accordance with the seventh pre- 
ferred embodiment of the present invention; 
Figs. 54 and 55 are illustrations of areas to be 



inverted according to a second inversion mode; 
Figs. 56 to 58 are illustrations of the method for fill- 
ing a polygon in accordance with the seventh pre- 
ferred embodiment of the present invention; 
Fig. 59 is an illustration of a background -art scan 
line method; 

Fig. 60 is a schematic view of the background-art 
scan line method; 

Fig. 61 is an illustration of a background -art outline 
font method; 

Fig. 62 is a schematic view of the background-art 

outline font method; 

and 

Figs. 63 to 66 are illustrations of the background-art 
outline font method. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(Hardware Construction) 

Fig. 1 is a block diagram showing a hardware con- 
struction of an image processing system used for meth- 
ods for filling a polygon in accordance with the first to 
seventh preferred embodiments. As shown in this fig- 
ure, the image processing system comprises a CPU 1, 
a memory 2, a display circuit 3, a display memory 4, a 
CRT 5 and a CD-ROM 6, and the CPU 1 , the memory 2, 
the display circuit 3 and the CD-ROM 6 perform data 
transfer through a bus 10. 

The CPU 1 reads a program recording a process in 
accordance with the method for filling a polygon as dis- 
cussed later from the CD-ROM 6. According to the pro- 
gram, the CPU 1 performs filling of a polygon, using a 
rectangular plane work area of a work memory 2A allo- 
cated in the memory 2 and eventually transfers drawing 
information stored in the work memory 2 A of the mem- 
ory 2 to a rectangular plane display area in the display 
memory 4 through the bus 10 and the display circuit 3 
with extension. The display circuit 3 displays an image 
on the CRT 5 based on the drawing information stored 
in the display memory 4. 

While the work memory 2 A stores information of 1 
bit/pixel, the display memory 4 generally stores informa- 
tion of multibit per pixel such as 4 bits/pixel (for 16-color 
display) and 8 bits/pixel (for 256-color display). Accord- 
ingly, it is needed that data of 1 bit/pixel in the work 
memory 2A should be extended to data of 4 bits/pixel or 
8 bits/iDixel, with color information added when trans- 
ferred to the display memory 4. 

Then, the CPU 1 transfers the drawing information 
on the work memory 2A, being extended with another 
information such as color information added, to the dis- 
play memory 4. Furthermore, the color information is 
stored in a predetermined area in the memory 2 or in 
the display circuit 3. 

With construction as shown in Fig. 2, data transfer 
between the memory 2 and the display memory 4 may 
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be performed through only the bus 10. 

As shown in Figs. 3 and 4, a work memory 7A and 
a display memory 7B may be incorporated in a common 
memory 7. Fig. 3 shows a construction in which the 
common memory 7 is connected direct to the display 5 
circuit 3 and Fig. 4 shows a construction in which the 
common memory 7 is connected to the bus 10. Further, 
in the construction of Fig. 3. data transfer with extension 
from the work memory 7A to the display memory 7B in 
the common memory 7 may be performed under control w 
of the display circuit 3. 

(Principles of The Preferred Embodiments) 

In the outline font method using a 1 -bit/pixel draw- is 
ing work memory, the image processing system having 
one of the constructions of Figs. 1 to 4 performs the fol- 
lowing steps in sequential, to fill a polygon. 

[ Principle of The First Preferred Embodiment ] 20 

As shown in Fig. 5, the following steps are per- 
formed: First, the outline information (coordinates of 
vertices) defining line segments constituting the outline 
of a polygon to be filled is obtained (Step S1 1). Then, 25 
the bit inversion is performed on the work memory of 1- 
bit/pixel according to the conditions A) to H), discussed 
in the background art, to fill the polygon (Step S12). Fur- 
ther, the frame of the polygon (all the line segments con- 
stituting the outline) is drawn (Step S13). Finally, the 30 
drawing information is transferred with extension from 
the work memory to the display memory (Step S14). 

[ Principle of The Second Preferred Embodiment ] 

35 

As shown in Fig. 6. the following steps are per- 
formed: First, the outline information is obtained (Step 
S21). Then, for a polygon without self-intersection, with 
one of the line segments selected sequentially in the 
counterclockwise rotation (in a predetermined rotation), 40 
the bit inversion is performed on the work memory of 1- 
bit/pixel according to the conditions A) to H) to fill the 
polygon (Step S22). Subsequently, some of the line 
segments whose vectors are in the upward direction 
(which makes an upward vertical-coordinate variation; 45 
in a predetermined vertical direction) are drawn on the 
work memory (Step S23). Finally, the drawing informa- 
tion is transferred with extension from the work memory 
to the display memory (Step S24). 

The polygon without self-intersection refers to a so 
polygon having no point of intersection but the vertices, 
and does not include a shape such as the star shape of 
Fig. 12 constituted of vertices P11 to P15 that makes 
self-intersection with points of intersection C1 to C5. 

55 

[ Principle of The Third Preferred Embodiment ] 

As shown in Fig. 7, the following steps are per- 



formed: First, the outline information is obtained (Step 
S31). Then, for a polygon without self-intersection, with 
one of the line segments selected sequentially in the 
counterclockwise rotation (in a predetermined rotation), 
the bit inversion is performed on the work memory of 1 - 
bit/pixel according to the conditions A) to H) to fill the 
polygon (Step S32). Subsequently, the drawing informa- 
tion is transferred with extension from the work memory 
to the display memory (Step S33). Finally, some of the 
line segments whose vectors are in the upward direc- 
tion (in a predetermined vertical direction) are drawn on 
the display memory (Step S34). 

[ Principle of The Fourth Preferred Embodiment ] 

As shown in Fig. 8, the following steps are per- 
formed: First, the outline information is obtained (Step 
S41). Then, for a polygon without self-intersection, with 
one of the line segments selected sequentially in the 
clockwise rotation (in a predetermined rotation), the bit 
inversion is performed on the work memory of 1 -bit/pixel 
according to the conditions A) to H) to fill the polygon 
(Step S42). Subsequently, some of the line segments 
whose vectors are in the downward direction (which 
makes a downward vertical-coordinate variation; in a 
predetermined vertical direction) are drawn on the work 
memory (Step S43). Finally, the drawing information is 
transferred with extension from the work memory to the 
display memory (Step S44). 

[ Principle of The Fifth Preferred Embodiment ] 

As shown in Fig. 9, the following steps are per- 
formed: First, the outline information is obtained (Step 
S51). Then, for a polygon without self-intersection, with 
one of the line segments selected sequentially in the 
clockwise rotation (in a predetermined rotation), the bit 
inversion is performed on the work memory of 1 -bit/pixel 
according to the conditions A) to H) to fill the polygon 
(Step S52). Subsequently, the drawing information is 
transferred with extension from the work memory to the 
display memory (Step S53). Finally, some of the line 
segments whose vectors are in the downward direction 
(in a predetermined vertical direction) are drawn on the 
work memory (Step S54). 

[ Principle of The Sixth Preferred Embodiment ] 

As shown in Fig. 10, the following steps are per- 
formed: First, the outline information is obtained (Step 
S61). Then, for a polygon without self-intersection, with 
one of the line segments selected sequentially in the 
counterclockwise rotation (in a predetermined rotation), 
the bit inversion is performed on the work memory of 1 - 
bit/pixel according to the conditions A) to H) to fill the 
polygon (Step S62). In this step, when the vector of a 
line segment is in the upward direction (in a second ver- 
tical direction), the bits not inclusive of those for the line 



9 



17 



EP 0 881 598 A2 



18 



segment are inverted, and when the vector of a line seg- 
ment is in the other direction (in a first vertical direction), 
the bits inclusive of those for the line segment are 
inverted. After that, the drawing information is trans- 
ferred with extension from the work memory to the dis- 5 
play memory (Step S63). 

[ Principle of The Seventh Preferred Embodiment ] 

As shown in Fig. 11, the following steps are per- 10 
formed: First, the outline information is obtained (Step 
S71). Then, for a polygon without self-intersection, with 
one of the line segments selected sequentially in the 
clockwise rotation (in a predetermined rotation), the bit 
inversion is performed on the work memory of 1 -bit/pixel 15 
according to the conditions A) to H) to fill the polygon 
(Step S72). In this step, when the vector of a line seg- 
ment is in the downward direction (in a second vertical 
direction), the bits not inclusive of those for the line seg- 
ment are inverted, and when the vector of a line seg- 20 
ment is in the other direction (in a first vertical direction), 
the bits inclusive of those for the line segment are 
inverted. After that, the drawing information is trans- 
ferred with extension from the work memory to the dis- 
play memory (Step S73). 25 

The First Preferred Embodiment 

Figs. 13 to 19 are illustrations of the method for fill- 
ing a polygon in accordance with the first preferred 30 
embodiment. Any of the hardware constructions of Figs. 
1 to 4 may be used to implement the method for filling a 
polygon of the first preferred embodiment, and for 
explanatory convenience, the method using the hard- 
ware construction of Fig. 1 will be discussed below. 35 

First, the CPU 1 reads a program recording a proc- 
ess in accordance with the method for filling a polygon 
of the first preferred embodiment from the CD-ROM 6 
through the bus 10. 

Then, the coordinates of three vertices {(P1 (H8, 40 
S2), P2 (H2, S15), P3 (H16, S11)} are externally 
obtained as the outline information of the polygon to be 
filled having the outline of Fig. 13 and are stored in a 
predetermined area of the memory 2 (Step S1 1 of Fig. 
5). The plane work area of the work memory 2A in the 45 
memory 2 is blank (nothing is drawn) in an initial state. 
Hereinafter, in Fig. 13 illustrating the drawing, a blank 
square represents a not-drawn state and a solid square 
represents a drawn state. 

In the method for filling a polygon of the first pre- so 
ferred embodiment, as shown in Fig. 14, for the triangle 
to be filled, the line segments L1 (H2-H8, S15-S2), L2 
(H16-H2, S11-S15), and L3 (H8-H16, S2-S11) are 
selected in the order of the vertices P1 , P2 and P3 in the 
counterclockwise rotation. The following operation is ss 
performed under the control of the CPU 1 based on the 
program read from the CD- ROM 6. 

Next, the bit inversion is performed on the work 



memory 2Aas shown in Figs. 15 to 17 (Step S12 of Fig. 
5). The bit inversion will be discussed below. 

First, as shown in Fig. 15, the line segment L1 is 
obtained from the coordinates of the vertices P1 and P2 
given as the outline information, using an already-exist- 
ing linear algorithm such as Bresenham algorithm, and 
all the bits in the right direction (in a predetermined hor- 
izontal direction) of the line segment Li on the horizon- 
tal coordinate, inclusive of those corresponding to the 
line segment L1 , on the plane work area (1 bit/pixel) of 
the work memory 2A are inverted to draw. As the line 
segment (vector) L1 is in the downward direction (which 
makes a downward vertical-coordinate variation) and 
the line segment (vector) L2 is in the upward direction 
(which makes an upward vertical-coordinate variation), 
according to the condition D), the bits in the right direc- 
tion of the line segment L1 inclusive of the initial point 
and the terminal point are inverted. 

Secondly, as shown in Fig. 16, the line segment L2 
is obtained from the coordinates of the vertices P2 and 
P3 given as the outline information, using the already- 
existing linear algorithm such as Bresenham algorithm, 
and all the bits in the right direction of the line segment 
L2 on the horizontal coordinate, inclusive of those corre- 
sponding to the line segment L2, on the plane work area 
of the work memory 2A are inverted. As a result, some 
of the already-drawn bits of Fig. 15 are inverted again to 
be back in blank. 

Fig. 16 shows a halfway state of the bit inversion of 
the line segment L2. As the line segments L2 and L3 are 
both in the upward direction, according to the condition 
A), the bits in the right direction of the line segment 12 
inclusive of the initial point and not inclusive of the termi- 
nal point are inverted. 

Similarly, the line segment L3 is obtained based on 
the outline information, and all the bits in the right direc- 
tion of the line segment L3 on the horizontal coordinate, 
inclusive of those corresponding to the line segment L3, 
on the plane work area of the work memory 2A are 
inverted. As the line segment L3 is in the upward direc- 
tion and the line segment L1 is in the downward direc- 
tion, according to the condition C), the bits in the right 
direction of the line segment L3 inclusive of the initial 
point and the terminal point are inverted. As a result, 
when the bit inversion is completed, the triangle which is 
filled inside as shown in Fig. 17 is achieved. But, it is an 
incompletely-filled triangle with some of the line seg- 
ments on the right side lacking by bit (pixel). 

Subsequently, as shown in Fig. 18, the frame of the 
triangle (represented by hatched squares in Fig. 18) 
constituted of the line segments L1 to L3 obtained 
based on the outline information is further drawn on the 
incompletely-filled triangle on the work memory 2A, to 
achieve a properly-filled triangle (Step S13 of Fig. 5). 

After that, as shown in Fig. 19, the drawing informa- 
tion on the plane work area of the work memory 2A is 
transferred with extension to the plane display area of 
the display memory 4 through the bus 10 and the dis- 
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play circuit 3 (Step S14 of Fig. 5). 

As a result, the triangle which is properly filled 
inside is displayed on the CRT 5 by the display circuit 3 
based on the information stored in the display memory 
4. s 

Thus, in the method for filling a polygon of the first 
preferred embodiment, the frame of the polygon is 
drawn on the work memory where the incompletely- 
filled polygon is drawn to properly fill the polygon, and 
then the drawing information is transferred with exten- 10 
sion from the work memory to the display memory. 

As mentioned earlier, for color display, the number 
of bits per pixel in the display memory is 4 bits/pixel, 8 
bits/pixel or the like, more than that (1 bit/pixel) in the 
work memory. is 

As the amount of memories needed for one pixel is 
smaller in the work memory than in the display memory, 
drawing the frame of a polygon on the work memory as 
revealed in the first preferred embodiment reduces the 
number of memory accesses and suppresses the load 20 
on the CPU 1 , thus achieving faster drawing of filled pol- 
ygon. 

Though the line segments are selected in the coun- 
terclockwise rotation in the above method for filling a 
polygon of the first preferred embodiment, the line seg- 25 
ments may be selected in the clockwise rotation, to pro- 
duce the same effect. In the first preferred embodiment, 
since all the line segments constituting the outline of a 
polygon to be filled and selected in the counterclock- 
wise rotation or the clockwise rotation are drawn, the 30 
properly-filled polygon can be surely achieved from the 
incompletely-filled polygon with some of the line seg- 
ments constituting the outline lacking which is obtained 
after the bit inversion. 

Further, though the bits inclusive of those for the 35 
line segments are inverted in the above method for fill- 
ing a polygon of the first preferred embodiment, the bits 
may be inverted non inclusive of those for the line seg- 
ments. 

Furthermore, though the bits in the right direction of 40 
the line segments constituting the polygon are inverted 
in the above method for filling a polygon of the first pre- 
ferred embodiment, the bits in the left direction of the 
line segments constituting the polygon may be inverted, 
based on the same principle. In this case, by drawing 45 
the frame of the polygon, the properly-filled polygon can 
be surely achieved from the incompletely-filled polygon 
with some of the line segments on the left side lacking 
by bit (pixel). 

50 

The Second Preferred Embodiment 

Figs. 20 to 25 are illustrations of the method for fill- 
ing a polygon in accordance with the second preferred 
embodiment. Any of the hardware constructions of Figs. 55 
1 to 4 may be used to implement the method for filling a 
polygon of the second preferred embodiment, and for 
explanatory convenience, the method using the hard- 



ware construction of Fig. 1 will be discussed below. 

First, the CPU 1 reads a program recording a 
method for filling a polygon of the second preferred 
embodiment from the CD-ROM 6 through the bus 10. 
The method for filling a polygon of the second preferred 
embodiment is used for processing a polygon without 
self-intersection. 

Then, the coordinates of three vertices {(P1 (H8, 
S2), P2 (H2, S15), P3 (H16, S11)} are externally 
obtained as the outline information of the polygon to be 
filled having the outline of Fig. 20 and are stored in a 
predetermined area of the memory 2 (Step S21 of Fig. 
6). The plane work area of the work memory 2A in the 
memory 2 is blank in an initial state. 

In the method for filling a polygon of the second pre- 
ferred embodiment, as shown in Fig. 14, for the triangle 
to be filled, the line segments L1, L2 and L3 are 
selected in the order of the vertices P1 , P2 and P3 in the 
counterclockwise rotation like in the first preferred 
embodiment. The following operation is performed 
under the control of the CPU 1 based on the program 
read from the CD-ROM 6. 

Next, the bit inversion is performed on the work 
memory 2A as shown in Figs. 21 to 23 (Step S22 of Fig. 
6). The bit inversion will be discussed below. 

First, as shown in Fig. 21, the line segment L1 is 
obtained from the coordinates of the vertices P1 and P2 
given as the outline information, using an already-exist- 
ing linear algorithm such as Bresenham algorithm, and 
ail the bits in the right direction (in a predetermined hor- 
izontal direction) of the line segment L1 on the horizon- 
tal coordinate, inclusive of those corresponding to the 
line segment L1 , on the plane work area (1 bit/pixel) of 
the work memory 2A are inverted to draw. 

Secondly, as shown in Fig. 22, the line segment L2 
is obtained from the coordinates of the vertices P2 and 
P3 given as the outline information, and all the bits in 
the right direction of the line segment L2 on the horizon- 
tal coordinate, inclusive of those corresponding to the 
line segment L2, on the plane work area of the work 
memory 2A are inverted. As a result, some of the 
already-drawn bits of Fig. 21 are inverted again to be 
back in blank. 

Similarly, the line segment L3 is obtained based on 
the outline information, and all the bits in the right direc- 
tion of the line segment L3 on the horizontal coordinate, 
inclusive of those corresponding to the line segment L3. 
on the plane work area of the work memory 2A are 
inverted. As a result, when the bit inversion is com- 
pleted, the triangle which is filled inside as shown in Fig. 
23 is achieved. But, it is an incompletely-filled triangle 
with some of the line segments on the right side lacking 
by bit (pixel). 

Subsequently, as shown in Fig. 24, only the line 
segments l_2 and L3 (represented by hatched squares 
in Fig. 24) whose vectors are in the upward direction 
(which makes an upward vertical -coordinate variation) 
among the line segments L1 to L3 which are obtained 
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based on the outline information are further drawn on 
the work memory 2A, to achieve a properly-filled trian- 
gle (Step S23 of Fig. 6). 

After that, as shown in Fig. 25, the drawing informa- 
tion on the plane work area of the work memory 2A is 5 
transferred with extension to the plane display area of 
the display memory 4 through the bus 10 and the dis- 
play circuit 3 (Step S24 of Fig. 6). 

As a result, the triangle which is properly filled 
inside is displayed on the CRT 5 by the display circuit 3 
based on the information stored in the display memory 
4. 

Thus, in the method for filling a polygon of the sec- 
ond preferred embodiment, for a polygon without self- 
intersection, some of the line segments constituting the 
outline of the polygon whose vector are in the upward 
direction (which makes an upward vertical-coordinate 
variation) are further drawn on the work memory where 
the incompletely-filled polygon is drawn by filling the pol- 
ygon with one of the line segments constituting the out- 
line of the polygon selected sequentially in the 
counterclockwise rotation, to properly fill the polygon, 
and the drawing information is transferred with exten- 
sion from the work memory to the display memory. 

As the amount of memories needed for one pixel is 
smaller in the work memory than in the display memory, 
drawing some of the line segments whose vectors are in 
the upward direction on the work memory as revealed in 
the second preferred embodiment reduces the number 
of memory accesses and suppresses the load on the 
CPU 1 , thus achieving faster drawing of filled polygon. 

Moreover, instead of all the line segments constitut- 
ing the polygon, only the line segments on the right side 
(whose vectors are in the upward direction) of the poly- 
gon which are needed for proper filling of the polygon, 
are efficiently drawn, and much faster drawing of filled 
polygon is thereby realized. 

Further, though the bits inclusive of those for the 
line segments are inverted (in a first inversion mode) in 
the above method for filling a polygon of the second pre- 
ferred embodiment, the bits may be inverted non inclu- 
sive of those for the line segments (in a second 
inversion mode). When the bits non inclusive of those 
for the line segments are inverted, some of the line seg- 
ments on the left side of the polygon lack. Therefore, 
after the bit inversion, only the line segments on the left 
side (whose vectors are in the downward direction) of 
the polygon are drawn. 

Furthermore, though the bits in the right direction of 
the line segments constituting the polygon are inverted 
in the above method for filling a polygon of the second 
preferred embodiment, the bits in the left direction of the 
line segments constituting the polygon may be inverted, 
based on the same principle. In this case, by further 
drawing the line segments whose vectors are in the 
downward direction, the properly-filled polygon can be 
surely achieved from the incompletely-filled polygon 
with some of the line segments on the left side lacking 



by bit (pixel). 

The Third Preferred Embodiment 

Figs. 26 to 31 are illustrations of the method for fill- 
ing a polygon in accordance with the third preferred 
embodiment. Any of the hardware constructions of Figs. 
1 to 4 may be used to implement the method for filling a 
polygon of the third preferred embodiment, and for 
explanatory convenience, the method using the hard- 
ware construction of Fig. 1 will be discussed below. 

First, the CPU 1 reads a program recording a 
method for filling a polygon of the third preferred embod- 
iment from the CD-ROM 6 through the bus 10. The 
method for filling a polygon of the third preferred embod- 
iment is used for processing a polygon without self- 
intersection. 

Then, the coordinates of three vertices {(P1 (H8. 
S2), P2 (H2, S15). P3 (H16; S11)} are externally 
obtained as the outline information of the polygon to be 
filled having the outline of Fig. 26 and are stored in a 
predetermined area of the memory 2 (Step S31 of Fig. 
7). The plane work area of the work memory 2A in the 
memory 2 is blank in an initial state. 

In the method for filling a polygon of the third pre- 
ferred embodiment, as shown in Fig. 14, for the triangle 
to be filled, the line segments L1, L2 and L3 are 
selected in the order of the vertices P1 , P2 and P3 in the 
counterclockwise rotation like in the first and second 
preferred embodiments. The following operation is per- 
formed under the control of the CPU 1 based on the pro- 
gram read from the CD-ROM 6. 

Next, the bit inversion is performed on the work 
memory 2A as shown in Figs. 27 to 29 (Step S32 of Fig. 
7). The bit inversion will be discussed below. 

First, as shown in Fig. 27, the line segment L1 is 
obtained from the coordinates of the vertices P1 and P2 
given as the outline information, using an already- exist- 
ing linear algorithm such as Bresenham algorithm, and 
all the bits in the right direction (in a predetermined hor- 
izontal direction) of the line segment L1 on the horizon- 
tal coordinate, inclusive of those corresponding to the 
line segment L1, on the plane work area (1 bit/pixel) of 
the work memory 2 A are inverted to draw. 

Secondly, as shown in Fig. 28, the line segment L2 
is obtained from the coordinates of the vertices P2 and 
P3 given as the outline information, and all the bits in 
the right direction of the line segment L2 on the horizon- 
tal coordinate, inclusive of those corresponding to the 
line segment L2, on the plane work area of the work 
memory 2A are inverted. As a result, some of the 
already-drawn bits of Fig. 27 are inverted again to be 
back in blank. 

Similarly, the line segment L3 is obtained based on 
the outline information, and all the bits in the right direc- 
tion of the line segment L3 on the horizontal coordinate 
inclusive of those corresponding to the line segment L3, 
on the plane work area of the work memory 2A are 
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inverted. As a result, when the bit inversion is com- 
pleted, the triangle filled inside as shown in Fig. 29 is 
achieved. But, it is an incompletely-filled triangle with 
some of the line segments on the right side lacking by 
bit (pixel). 5 

After that, as shown in Fig. 30, the drawing informa- 
tion on the plane work area of the work memory 2A is 
transferred with extension to the plane display area of 
the display memory 4 through the bus 10 and the dis- 
play circuit 3 (Step S33 of Fig. 7). w 

Subsequently, as shown in Fig. 31, only the line 
segments L2 and L3 (represented by hatched squares 
in Fig. 31) whose vectors are in the upward direction 
(which makes an upward vertical-coordinate variation) 
among the line segments L1 to L3 which are obtained is 
based on the outline information are further drawn on 
the work memory 2A, to achieve a properly-filled trian- 
gle (Step S34 of Fig. 7). 

As a result, the triangle which is properly filled 
inside is displayed on the CRT 5 by the display circuit 3 20 
based on the information stored in the display memory 
4. 

Thus, in the method for filling a polygon of the third 
preferred embodiment, for a polygon without self-inter- 
section, some of the line segments constituting the out- 25 
line of the polygon whose vectors are in the upward 
direction (which makes an upward vertical-coordinate 
variation) are further drawn on the display memory 4 
where the incompletely-filled polygon is drawn by filling 
the polygon with one of the line segments constituting 30 
the outline of the polygon selected sequentially in the 
counterclockwise rotation, to properly fill the polygon. 

Therefore, instead of all the line segments consti- 
tuting the polygon, only the line segments on the right 
side (whose vectors are in the upward direction) of the 35 
polygon which are needed for proper filling of the poly- 
gon, are efficiently drawn, and much faster drawing of 
filled polygon is thereby realized like in the second pre- 
ferred embodiment. 

Further, though the bits inclusive of those for the 40 
line segments are inverted (in a first inversion mode) in 
the above method for filling a polygon of the third pre- 
ferred embodiment, the bits may be inverted non inclu- 
sive of those for the line segments (in a second 
inversion mode). When the bits non inclusive of those 45 
for the line segments are inverted, some of the line seg- 
ments on the left side of the polygon lack. Therefore, 
after the bit inversion, only the line segments on the left 
side (whose vectors are in the downward direction) of 
the polygon are drawn. so 

Furthermore, though the bits in the right direction of 
the line segments constituting the polygon are inverted 
in the above method for filling a polygon of the third pre- 
ferred embodiment, the bits in the left direction of the 
line segments constituting the polygon may be inverted, 55 
based on the same principle. In this case, by further 
drawing the line segments whose vectors are in the 
downward direction, the properly-filled polygon can be 



surely achieved from the incompletely-filled polygon 
with some of the line segments on the left side lacking 
by bit (pixel). 

The Fourth Preferred Embodiment 

Figs. 32 to 38 are illustrations of the method for fill- 
ing a polygon in accordance with the fourth preferred 
embodiment. Any of the hardware constructions of Figs. 
1 to 4 may be used to implement the method for filling a 
polygon of the fourth preferred embodiment, and for 
explanatory convenience, the method using the hard- 
ware construction of Fig. 1 will be discussed below. 

First, the CPU 1 reads a program recording a 
method for filling a polygon of the fourth preferred 
embodiment from the CD-ROM 6 through the bus 10. 
The method for filling a polygon of the fourth preferred 
embodiment is used for processing a polygon without 
self-intersection. 

Then, the coordinates of three vertices {(P1 (H8, 
S2), P2 (H2, S15), P3 (H16, S11)} are externally 
obtained as the outline information of the polygon to be 
filled having the outline of Fig. 32 and are stored in a 
predetermined area of the memory 2 (Step S41 of Fig. 
8). The plane work area of the work memory 2A in the 
memory 2 is blank in an initial state. 

In the method for filling a polygon of the fourth pre- 
ferred embodiment, as shown in Fig. 33, for the triangle 
to be filled, the line segments L11 (H16-h8, S11-S2), 
L12 (H2-H16, S15-S11) and L13 (H8-H2, S2-S15) are 
selected in the order of the vertices P1 , P3 and P2 in the 
clockwise rotation. The following operation is performed 
under the control of the CPU 1 based on the program 
read from the CD-ROM 6. 

Next, the bit inversion is performed on the work 
memory 2A as shown in Figs. 34 to 36 (Step S42 of Fig. 
8). The bit inversion will be discussed below. First, as 
shown in Fig. 34, the line segment L1 1 is obtained from 
the coordinates of the vertices P1 and P3 given as the 
outline information, using an already-existing linear 
algorithm such as Bresenham algorithm, and all the bits 
in the right direction (in a predetermined horizontal 
direction) of the line segment L11 on the horizontal 
coordinate, inclusive of those corresponding to the line 
segment L1 1 , on the plane work area (1 bit/pixel) of the 
work memory 2A are inverted to draw. Fig 34 shows a 
halfway state of the bit inversion of the line segment 
L11. 

Secondly, the line segment LI 2 is obtained from the 
coordinates of the vertices P2 and P3 given as the out- 
line information and all the bits in the right direction of 
the line segment L12 on the horizontal coordinate, inclu- 
sive of those corresponding to the line segment L12, on 
the plane work area of the work memory 2A are 
inverted. 

Similarly, as shown in Fig. 35, the line segment L13 
is obtained based on the outline information, and all the 
bits in the right direction of the line segment L13 on the 
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horizontal coordinate, inclusive of those corresponding 
to the line segment L13, on the plane work area of the 
work memory 2A are inverted. At this time, some of the 
bits which are already drawn by the bit inversion based 
on the line segments L1 1 and L12 are inverted again to 5 
be back in blank. Fig. 35 shows a halfway state of the bit 
inversion of the line segment L13. 

When the bit inversion is completed, the triangle 
which is filled inside as shown in Fig. 36 is achieved. 
But, it is an incompletely-filled triangle with some of the 10 
line segments on the right side lacking by bit (pixel). 

Subsequently, as shown in Fig. 37, only the line 
segments L11 and L12 (represented by hatched 
squares in Fig. 37) whose vectors are in the downward 
direction (which makes a downward vertical-coordinate 15 
variation) among the line segments L11 to L13 which 
are obtained based on the outline information are fur- 
ther drawn on the work memory 2A, to achieve a prop- 
erly-filled triangle (Step S43 of Fig. 8). 

After that, as shown in Fig. 38, the drawing informa- 20 
tion on the plane work area of the work memory 2A is 
transferred with extension to the plane display area of 
the display memory 4 through the bus 1 0 and the dis- 
play circuit 3 (Step S44 of Fig. 8). 

As a result, the triangle which is properly filled 25 
inside is displayed on the CRT 5 by the display circuit 3 
based on the information stored in the display memory 
4. 

Thus, in the method for filling a polygon of the fourth 
preferred embodiment, for a polygon without self -inter- 30 
section, some of the line segments constituting the out- 
line of the polygon whose vectors are in the downward 
direction (which makes a downward vertical-coordinate 
variation) are further drawn on the work memory where 
the incompletely-filled polygon is drawn by filling the pol- 35 
ygon with one of the line segments constituting the out- 
line of the polygon selected sequentially in the 
clockwise rotation, to properly fill the polygon, and the 
drawing information is transferred with extension from 
the work memory to the display memory. 40 

As the amount of memories needed for one pixel is 
smaller in the work memory than in the display memory, 
drawing some of the line segments whose vectors are in 
the downward direction on the work memory as 
revealed in the fourth preferred embodiment reduces 45 
the number of memory accesses and suppresses the 
load on the CPU 1, thus achieving faster drawing of 
filled polygon. 

Moreover, instead of all the line segments constitut- 
ing the polygon, only the line segments on the right side so 
(whose vectors are in the downward direction) of the 
polygon which are needed for proper filling of the poly- 
gon, are efficiently drawn, and much faster drawing of 
filled polygon is thereby realized. 

Further, though the bits inclusive of those for the ss 
line segments are inverted (in a first inversion mode) in 
the above method for filling a polygon of the fourth pre- 
ferred embodiment, the bits may be inverted non inclu- 



sive of those for the line segments (in a second 
inversion mode). When the bits non inclusive of those 
for the line segments are inverted, some of the line seg- 
ments on the left side of the polygon lack. Therefore, 
after the bit inversion, only the line segments on the left 
side (whose vectors are in the upward direction) of the 
polygon are drawn. 

Furthermore, though the bits in the right direction of 
the line segments constituting the polygon are inverted 
in the above method for filling a polygon of the fourth 
preferred embodiment, the bits in the left direction of the 
line segments constituting the polygon may be inverted, 
based on the same principle. In this case, by further 
drawing the line segments whose vectors are in the 
upward direction, the properly-filled polygon can be 
surely achieved from the incompletely-filled polygon 
with some of the line segments on the left side lacking 
by bit (pixel). 

The Fifth Preferred Embodiment 

Figs. 39 to 44 are illustrations of the method for fill- 
ing a polygon in accordance with the fifth preferred 
embodiment. Any of the hardware constructions of Figs. 
1 to 4 may be used to implement the method for filling a 
polygon of the fifth preferred embodiment, and for 
explanatory convenience, the method using the hard- 
ware construction of Fig. 1 will be discussed below. 

First, the CPU 1 reads a program recording a 
method for filling a polygon of the fifth preferred embod- 
iment from the CD-ROM 6 through the bus 10. The 
method for filling a polygon of the fifth preferred embod- 
iment is used for processing a polygon without self- 
intersection. 

Then, the coordinates of three vertices {(P1 (H8, 
S2), P2 (H2, S15), P3 (H16, S11)} are externally 
obtained as the outline information of the polygon to be 
filled having the outline of Fig. 39 and are stored in a 
predetermined area of the memory 2 (Step S51 of Fig. 
9). The plane work area of the work memory 2A in the 
memory 2 is blank in an initial state. 

In the method for filling a polygon of the fifth pre- 
ferred embodiment, as shown in Fig. 33, for the triangle 
to be filled, the line segments L11, L12 and L13 are 
selected in the order of the vertices P1 , P3 and P2 in the 
clockwise rotation like in the fourth preferred embodi- 
ment. The following operation is performed under the 
control of the CPU 1 based on the program read from 
the CD-ROM 6. 

Next, the bit inversion is performed on the work 
memory 2A as shown in Figs. 40 to 42 (Step S52 of Fig. 
9). The bit inversion will be discussed below. 

First, as shown in Fig. 40, the line segment L11 is 
obtained from the coordinates of the vertices P1 and P3 
given as the outline information, using an already-exist- 
ing linear algorithm such as Bresenham algorithm, and 
all the bits in the right direction (in a predetermined hor- 
izontal direction) of the line segment L1 1 on the horizon- 
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tal coordinate, inclusive of those corresponding to the 
line segment L1 1 , on the plane work area (1 bit/pixel) of 
the work memory 2A are inverted to draw. Fig. 40 shows 
a halfway state of the bit inversion of the line segment 
L1 1. 5 

Secondly, the line segment L12 is obtained from the 
coordinates of the vertices P2 and P3 given as the out- 
line information and all the bits in the right direction of 
the line segment L12 on the horizontal coordinate, inclu- 
sive of those corresponding to the line segment L12, on w 
the plane work area of the work memory 2A are 
inverted. 

Similarly, as shown in Fig. 41, the line segment L13 
is obtained based on the outline information, and all the 
bits in the right direction of the line segment L13 on the is 
horizontal coordinate, inclusive of those corresponding 
to the line segment L13, on the plane work area of the 
work memory 2A are inverted. At this time, some of the 
bits which are already drawn by the bit inversion based 
on the line segments Li 1 and L12 are inverted again to 20 
be back in blank. Fig. 41 shows a halfway state of the bit 
inversion of the line segment L13. 

When the bit inversion is completed, the triangle 
which is filled inside as shown in Fig. 36 is achieved. 
But, it is an incompletely-filled triangle with some of the 25 
line segments on the right side lacking by bit (pixel). 

After that, as shown in Fig. 43, the drawing informa- 
tion on the plane work area of the work memory 2A is 
transferred with extension to the plane display area of 
the display memory 4 through the bus 10 and the dis- 30 
play circuit 3 (Step S53 of Fig. 9). 

Subsequently, as shown in Fig. 44, only the line 
segments L11 and L12 (represented by hatched 
squares in Fig. 43) whose vectors are in the downward 
direction (which makes a downward vertical-coordinate 35 
variation) among the line segments L11 to L13 which 
are obtained based on the outline information are fur- 
ther drawn on the display memory 4, to achieve a prop- 
erly-filled triangle (Step S54 of Fig. 9). 

As a result, the triangle which is properly filled 40 
inside is displayed on the CRT 5 by the display circuit 3 
based on the information stored in the display memory 
4. 

Thus, in the method for filling a polygon of the fifth 
preferred embodiment, for a polygon without self -inter- 45 
section, some of the line segments constituting the out- 
line of the polygon whose vectors are in the downward 
direction (which makes a downward vertical -coordinate 
variation) are further drawn on the display memory 
where the incompletely-filled polygon is drawn by filling 50 
the polygon with one of the line segments constituting 
the outline of the polygon selected sequentially in the 
clockwise rotation, to properly fill the polygon. 

Therefore, instead of all the line segments consti- 
tuting the polygon, only the line segments on the right 55 
side (whose vectors are in the downward direction) of 
the polygon which are needed for proper filling of the 
polygon, are efficiently drawn, and much faster drawing 



of filled polygon is thereby realized. 

Further, though the bits inclusive of those for the 
line segments are inverted (in a first inversion mode) in 
the above method for filling a polygon of the fifth pre- 
ferred embodiment, the bits may be inverted non inclu- 
sive of those for the line segments (in a second 
inversion mode). When the bits non inclusive of those 
for the line segments are inverted, some of the line seg- 
ments on the left side of the polygon lack. Therefore, 
after the bit inversion, only the line segments on the left 
side (whose vectors are in the upward direction) of the 
polygon are drawn. 

Furthermore, though the bits in the right direction of 
the line segments constituting the polygon are inverted 
in the above method for filling a polygon of the fifth pre- 
ferred embodiment, the bits in the left direction of the 
line segments constituting the polygon may be inverted, 
based on the same principle. In this case, by further 
drawing the line segments whose vectors are in the 
upward direction, the properly-filled polygon can be 
surely achieved from the incompletely-filled polygon 
with some of the line segments on the left side lacking 
by bit (pixel). 

The Sixth Preferred Embodiment 

Figs. 45 to 51 are illustrations of the method for fill- 
ing a polygon in accordance with the sixth preferred 
embodiment. Any of the hardware constructions of Figs. 
1 to 4 may be used to implement the method for filling a 
polygon of the sixth preferred embodiment, and for 
explanatory convenience, the method using the hard- 
ware construction of Fig. 1 will be discussed below. 

First, the CPU 1 reads a program recording a 
method for filling a polygon of the sixth preferred 
embodiment from the CD-ROM 6 through the bus 10. 
The method for filling a polygon of the sixth preferred 
embodiment is used for processing a polygon without 
self-intersection. 

Then, the coordinates of three vertices {(P1 (H8, 
S2), P2 (H2, S15), P3 (H16, S11)} are externally 
obtained as the outline information of the polygon to be 
filled having the outline of Fig. 45 and are stored in a 
predetermined area of the memory 2 (Step S61 of Fig. 
10). The plane work area of the work memory 2A in the 
memory 2 is blank in an initial state. 

In the method for filling a polygon of the sixth pre- 
ferred embodiment, as shown in Fig. 14, for the triangle 
to be filled, the line segments LI, L2 and L3 are 
selected in the order of the vertices P1 1 P2 and P3 in the 
counterclockwise rotation like in the first to third pre- 
ferred embodiments. The following operation is per- 
formed under the control of the CPU 1 based on the 
program read from the CD-ROM 6. 

Next, the bit inversion is performed on the work 
memory 2A as shown in Figs. 46 to 50 (Step S62 of Fig. 
10). The bit inversion will be discussed below. 

First, the line segment L1 is obtained from the coor- 
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dinates of the vertices PI and P2 given as the outline 
information, using an already-existing linear algorithm 
such as Bresenham algorithm, and as the line segment 
L1 is in the downward direction, all the bits in the right 
direction (in a predetermined horizontal direction) of the 5 
line segment L1 on the horizontal coordinate, inclusive 
of those corresponding to the line segment L1 , on the 
plane work area (1 bit/pixel) of the work memory 2A are 
inverted to draw (the bit inversion in a first inversion 
mode), as shown in Fig. 46. ro 

Secondly, the line segment L2 is obtained from the 
coordinates of the vertices P2 and P3 given as the out- 
line information and as the line segment 12 is in the 
upward direction, all the bits in the right direction (in a 
predetermined horizontal direction) of the line segment 15 
12 on the horizontal coordinate, not inclusive of those 
corresponding to the line segment L2, on the plane work 
area fl» bit/pixel) of the work memory 2A are inverted to 
draw (the bit inversion in a second inversion mode, an 
area AR1 consisting of the solid squares in Fig. 48 is to 20 
be inverted), as shown in Fig. 47. As a result, some of 
the already-drawn bits of Fig. 46 are inverted again to 
be back in blank. 

Similarly, the line segment L3 is obtained based on 
the outline information, and as the line segment L3 is in 25 
the upward direction, all the bits in the right direction of 
the line segment L3 on the horizontal coordinate, not 
inclusive of those for the line segment L3, on the plane 
work area of the work memory 2A are inverted (the bit 
inversion in a second inversion mode, an area AR2 con- 30 
sisting of the solid squares in Fig. 49 is to be inverted). 
As a result, when the bit inversion is completed, the tri- 
angle which is filled inside as shown in Fig. 50 is 
achieved. 

After that, as shown in Fig. 51 , the drawing informa- 35 
tion on the plane work area of the work memory 2A is 
transferred with extension to the plane display area of 
the display memory 4 through the bus 10 and the dis- 
play circuit 3 (Step S63 of Fig. 10). 

As a result, the triangle which is properly filled 40 
inside is displayed on the CRT 5 by the display circuit 3 
based on the information stored in the display memory 
4. 

Thus, in the method for filling a polygon of the sixth 
preferred embodiment, for a polygon without self -inter- 45 
section, with one of the line segments constituting the 
outline of the polygon selected sequentially in the coun- 
terclockwise rotation, the polygon is filled to draw a filled 
polygon on the work memory. At this time, if the line 
segment is in the upward direction, the bit inversion is so 
performed in the second inversion mode, not inclusive 
of bits for the line segment, and otherwise (the line seg- 
ment is in the downward direction or in the horizontal 
direction), the bit inversion is performed in the first inver- 
sion mode, inclusive of bits for the line segment. 55 

As the amount of memories needed for one pixel is 
smaller in the work memory than in the display memory, 
performing all the steps for filling the polygon on the 



work memory as revealed in the sixth preferred embod- 
iment reduces the number of memory accesses and 
suppresses the load on the CPU 1 , thus achieving faster 
drawing of filled polygon. 

Moreover, since a complete filling of a polygon can 
be achieved by only one kind of operation, i.e., the bit 
inversion in the first inversion mode or the second inver- 
sion mode, much faster drawing of filled polygon is real- 
ized. 

Furthermore, though the bits in the right direction of 
the line segments constituting the polygon are inverted 
in the above method for filling a polygon of the sixth pre- 
ferred embodiment, the bits in the left direction of the 
line segments constituting the polygon may be inverted, 
based on the same principle. In this case, when the vec- 
tor of the selected one of the line segments constituting 
the outline of the polygon is in the downward direction, 
the bits not inclusive okthose for the line segment are 
inverted, and otherwise the bits inclusive of those for the 
line segment are inverted. 

The Seventh Preferred Embodiment 

Figs. 52 to 58 are illustrations of the method for fill- 
ing a polygon in accordance with the seventh preferred 
embodiment. Any of the hardware constructions of Figs. 
1 to 4 may be used to implement the method for filling a 
polygon of the seventh preferred embodiment, and for 
explanatory convenience, the method using the hard- 
ware construction of Fig. 1 will be discussed below. 

First, the CPU 1 reads a program recording a 
method for filling a polygon of the seventh preferred 
embodiment from the CD-ROM 6 through the bus 10. 
The method for filling a polygon of the seventh preferred 
embodiment is used for processing a polygon without 
self-intersection. 

Then, the coordinates of three vertices {(P1 (H8, 
S2), P2 (H2, S15), P3 (H16. S11)} are externally 
obtained as the outline information of the polygon to be 
filled having the outline of Fig. 52 and are stored in a 
predetermined area of the memory 2 (Step S71 of Fig. 
1 1). The plane work area of the work memory 2A in the 
memory 2 is blank in an initial state. 

In the method for filling a polygon of the seventh 
preferred embodiment, as shown in Fig. 33, for the trian- 
gle to be filled, the line segments L1 1 , L12 and L13 are 
selected in the order of the vertices P1 , P3 and P2 in the 
clockwise rotation like in the fourth and fifth preferred 
embodiments. The following operation is performed 
under the control of the CPU 1 based on the program 
read from the CD-ROM 6. 

Next, the bit inversion is performed on the work 
memory 2A as shown in Figs. 53 to 57 (Step S72 of Fig. 
11). The bit inversion will be discussed below. 

First, the line segment L11 is obtained from the 
coordinates of the vertices P1 and P3 given as the out- 
line information, using an already- existing linear algo- 
rithm such as Bresenham algorithm, and as the line 
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segment L1 1 is in the downward direction, all the bits in 
the right direction (in a predetermined horizontal direc- 
tion) of the line segment L1 1 on the horizontal coordi- 
nate, not inclusive of those corresponding to the line 
segment L1 1 , on the plane work area (1 bit/pixel) of the 5 
work memory 2A are inverted to draw (the bit inversion 
in a second inversion mode, an area AR3 consisting of 
the solid squares in Fig. 54 is to be inverted), as shown 
in Fig. 53. 

Secondly, the line segment L12 is obtained from the 10 
coordinates of the vertices P2 and P3 given as the out- 
line information and as the line segment L12 is in the 
downward direction, all the bits in the right direction of 
the line segment L12 on the horizontal coordinate, not 
inclusive of those corresponding to the line segment 15 
L12, on the plane work area (1 bit/pixel) of the work 
memory 2A are inverted to draw (the bit inversion in a 
second inversion mode, an area AR4 consisting of the 
solid squares in Fig. 55 is to be inverted). As a result, 
some of the already-drawn bits of Fig. 53 are inverted 20 
again to be back in blank. 

Similarly, the line segment L13 is obtained based 
on the outline information, and as the line segment L13 
is in the upward direction, all the bits in the right direc- 
tion of the line segment L13 on the horizontal coordi- 25 
nate, inclusive of those corresponding to the line 
segment L13, on the plane work area of the work mem- 
ory 2A are inverted (the bit inversion in a first inversion 
mode), as shown in Fig. 56. Fig. 56 shows a halfway 
state of the bit inversion of the line segment L1 3. 30 

As a result, when the bit inversion is completed, the 
triangle which is filled inside as shown in Fig. 57 is 
achieved. 

After that, as shown in Fig. 58, the drawing informa- 
tion on the plane work area of the work memory 2A is 35 
transferred with extension to the plane display area of 
the display memory 4 through the bus 10 and the dis- 
play circuit 3 (Step S73 of Fig. 1 1). 

As a result, the triangle which is properly filled 
inside is displayed on the CRT 5 by the display circuit 3 40 
based on the information stored in the display memory 
4. 

Thus, in the method for filling a polygon of the sev- 
enth preferred embodiment, for a polygon without self- 
intersection, with one of the line segments constituting 45 
the outline of the polygon selected sequentially in the 
clockwise rotation, the polygon is filled to draw a filled 
polygon on the work memory. At this time, if the line 
segment is in the downward direction, the bit inversion 
is performed in the second inversion mode, not inclusive so 
of bits for the line segment, and otherwise (the line seg- 
ment is in the upward direction or in the horizontal direc- 
tion), the bit inversion is performed in the first inversion 
mode, inclusive of bits for the line segment. 

As the amount of memories needed for one pixel is 55 
smaller in the work memory than in the display memory, 
performing all the steps for filling the polygon on the 
work memory as revealed in the seventh preferred 



embodiment reduces the number of memory accesses 
and suppresses the load on the CPU 1 , thus achieving 
faster drawing of filled polygon. 

Moreover, since a complete filling of a polygon can 
be achieved by only one kind of operation, i.e.. the bit 
inversion in the first inversion mode or the second inver- 
sion mode, much faster drawing of filled polygon is real- 
ized. 

Furthermore, though the bits in the right direction of 
the line segments constituting the polygon are inverted 
in the above method for filling a polygon of the seventh 
preferred embodiment, the bits in the left direction of the 
line segments constituting the polygon may be inverted, 
based on the same principle. In this case, when the vec- 
tor of the selected one of the line segments constituting 
the outline of the polygon is in the upward direction, the 
bits not inclusive of those for the line segment are 
inverted, and otherwise the bits inclusive of those for the 
line segment are inverted. 

While the invention has been shown and described 
in detail, the foregoing description is in all aspects illus- 
trative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised 
without departing from the scope of the invention. 

For a polygon without self -intersection, with one of 
line segments constituting the outline of the polygon 
selected sequentially in the counterclockwise rotation, 
all the bits in the right direction of the selected line seg- 
ment on the horizontal coordinate, inclusive of those for 
the selected line segment, on the plane work area (1 
bit/pixel) of the work memory are inverted to draw (Step 
S22). Subsequently, only some of the line segments 
constituting the outline of the polygon whose vectors 
are in the upward direction (which makes an upward 
vertical-coordinate variation) are further drawn on the 
work memory (2A) (Step S23). Finally, the drawing infor- 
mation is transferred with extension from the work mem- 
ory to the display memory (Step S24). Having the above 
steps, a method for achieving proper filling of a polygon 
with a decrease in load on a processor is provided. 

Claims 

1. A method for filling a polygon, using an image 
processing system which has a work memory (2 A, 
7A> having a rectangular memory area of a plurality 
of bits, for storing information of one pixel by n (n ^ 
1) bits and a display memory (4, 7B) having a rec- 
tangular memory area of a plurality of bits, for stor- 
ing information of one pixel by m (m > n) bits and 
displays an image based on said information stored 
in said display memory, to fill the inside of said pol- 
ygon, said work memory being blank in an initial 
state, 

said method comprising the steps of: 

(a) obtaining outline information defining 
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line segments constituting an outline of a 
polygon to be filled <S1 1 , S21 , S41 >; 

(b) performing bit inversion to make draw- 
ing of filled polygon through inverting all 
bits in a predetermined horizontal direction 5 
on a horizontal coordinate of said work 
memory corresponding to each of said line 
segments while selecting each of said line 
segments constituting said outline of said 
polygon to be filled in a predetermined 10 
rotation based on said outline information 
<S12, S22, S42); 

(c) further drawing said line segments con- 
stituting said outline of said polygon to be 
filled on said work memory where said is 
drawing of filled polygon is performed 
based on said outline information (S13, 
S23, S43);and 

(d) transferring information stored in said 
work memory to said display memory after 20 
said step (c) (Si 4, S24, S44). 

2. The method of claim 1 , wherein 

said step (c) includes the step <S13 ) of drawing 25 
all said line segments constituting said outline 
of said polygon to be filled and selected in said 
predetermined rotation. 

3. The method of claim 1 , wherein 30 

said polygon to be filled includes a polygon 
without self -intersection, 
said bit inversion <S22. S42> in said step (b) 
includes one of a first inversion mode for invert- 35 
ing bits inclusive of those corresponding to said 
line segments on said work memory and a sec- 
ond inversion mode for inverting bits not inclu- 
sive of those corresponding to said line 
segments, 40 
said step (c) includes the step <S23, S43 > of 
drawing only some of said line segments con- 
stituting said outline of said polygon to be filled 
and selected in said predetermined rotation 
whose vectors have a vertical variation in a pre- 45 
determined vertical direction, said predeter- 
mined vertical direction being determined by 
said bit inversion, said predetermined rotation 
and said predetermined horizontal direction, in 
which some of said line segments which fail to so 
be drawn, lacking, in said bit inversion of the 
step (b) have a vertical variation. 

4. A method for filling a polygon, using an image 
processing system which has a work memory <2A, 55 
7A> having a rectangular memory area of a plurality 

of bits, for storing information of one pixel by n (n ^ 
1) bits and a display memory (4, 7B> having a rec- 



tangular memory area of a plurality of bits, for stor- 
ing information of one pixel by m (m > n) bits and 
displays an image based on said information stored 
in said display memory, to fill the inside of said pol- 
ygon, said work memory being blank in an initial 
state, 

said method comprising the steps of: 

(a) obtaining outline information defining 
line segments constituting an outline of a 
polygon without self-intersection to be 
filled <S31, S51);and 

(b) performing bit inversion to make draw- 
ing of filled polygon through inverting all 
bits in a predetermined horizontal direction 
on a horizontal coordinate of said work 
memory corresponding to each of said line 
segments while selecting each of said line 
segments constituting said outline of said 
polygon to be filled in a predetermined 
rotation based on said outline information 
<S32, S52>; 

wherein said bit inversion includes 
one of a first inversion mode for inverting 
bits inclusive of those corresponding to 
said line segments on said work memory 
and a second inversion mode for inverting 
bits not inclusive of those corresponding to 
said line segments, 

said method further comprising the 
steps of; 

(c) transferring information stored in said 
work memory to said display memory 
<S33, S53 > after said step (b); and 

(d) drawing only some of said line seg- 
ments constituting said outline of said pol- 
ygon to be filled and selected in said 
predetermined rotation whose vectors 
have a vertical variation in a predeter- 
mined vertical direction on said display 
memory based on said outline information 
(S34, S54> after said step (c), said prede- 
termined vertical direction being deter- 
mined by said bit inversion, said 
predetermined rotation and said predeter- 
mined horizontal direction, in which some 
of said line segments which fail to be 
drawn, lacking, in said bit inversion of the 
step (b) have a vertical variation. 

5. The method of claim 3 or 4, wherein 

said bit inversion includes said first inversion 
mode, 

said predetermined rotation includes a coun- 
terclockwise rotation, 

said predetermined horizontal direction 
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includes a right direction, and 

said predetermined vertical direction includes 

an upward direction. 

6. The method of claim 3 or 4, wherein 

said bit inversion includes said first inversion 
mode, 

said predetermined rotation includes a clock- 
wise rotation, 

said predetermined horizontal direction 
includes a right direction, and 
said predetermined vertical direction includes a 
downward direction. 

7. The method of claim 3 or 4, wherein 



10. The method of claim 3 or 4, wherein 
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said bit inversion includes said second inver- 
sion mode, 

said predetermined rotation includes a coun- 20 
terclockwise rotation. 

said predetermined horizontal direction 
includes a right direction, and 
said predetermined vertical direction includes a 
downward direction. 25 

8. The method of claim 3 or 4, wherein 

said bit inversion includes said second inver- 
sion mode, 30 
said predetermined rotation includes a clock- 
wise rotation, 

said predetermined horizontal direction 
includes a right direction, and 
said predetermined vertical direction includes 35 
an upward direction. 

9. The method of claim 3 or 4, wherein 

said bit inversion includes said first inversion 40 
mode, 

said predetermined rotation includes a coun- 
terclockwise rotation, 

said predetermined horizontal direction 
includes a left direction, and 45 
said predetermined vertical direction includes a 
downward direction. 



50 



said bit inversion includes said first inversion 
mode, 

said predetermined rotation includes a clock- 
wise rotation, 

said predetermined horizontal direction 55 
includes a left direction, and 
said predetermined vertical direction includes 
an upward direction. 



11. A method for filling a polygon, using an image 
processing system which has a work memory <2A, 
7A) having a rectangular memory area of a plurality 
of bits, for storing information of one pixel by n (n ^ 
1) bits and a display memory <4, 7B) having a rec- 
tangular memory area of a plurality of bits, for stor- 
ing information of one pixel by m (m > n) bits and 
displays an image based on said information stored 
in said display memory, to fill the inside of said pol- 
ygon, said work memory being blank in an initial 
state, 

said method comprising the steps of: 

(a) obtaining outline information defining 
line segments constituting an outline of a 
polygon without self-intersection to be 
filled (S61. S71>; - n 

(b) performing bit inversion to make draw- 
ing of filled polygon through inverting all 
bits in a predetermined horizontal direction 
on a horizontal coordinate of said work 
memory corresponding to each of said line 
segments while selecting each of said line 
segments constituting said outline of said 
polygon to be filled in a predetermined 
rotation based on said outline information 
<S62, S72>; 

(c) transferring information stored in said 
work memory to said display memory 
<S63, S73 > after said step (b), 

wherein said bit inversion includes a 
first inversion mode for inverting bits inclu- 
sive of those corresponding to said line 
segments on said work memory and a sec- 
ond inversion mode for inverting bits not 
inclusive of those corresponding to said 
line segments, and some of said line seg- 
ment constituting said outline of said poly- 
gon to be filled and selected in said 
predetermined rotation whose vectors 
have a vertical variation in a first vertical 
direction are subjected to said bit inversion 
in said first inversion mode and some 
whose vectors have a vertical variation in a 
second vertical direction are subjected to 
said bit inversion in said second inversion 
mode, said first and second vertical direc- 
tions being determined by said predeter- 
mined rotation and said predetermined 
horizontal direction so that said some of 
said line segments whose vectors have a 
vertical variation in said first vertical direc- 
tion can be drawn with no lack when said 
bit inversion is performed in said first inver- 
sion mode and said some of said line seg- 
ments whose vectors have a vertical 
variation in said second vertical direction 
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can be drawn with no lack when said bit 
inversion is performed in said second 
inversion mode. 

12. The method of claim 11, wherein s 

said predetermined rotation includes a coun- 
terclockwise rotation, 

said predetermined horizontal direction 
includes a right direction, w 
said first predetermined vertical direction 
includes a downward direction, 
and 

said second predetermined vertical direction 
includes an upward direction. 15 

13. The method of claim 1 1 , wherein 

said predetermined rotation includes a clock- 
wise rotation, 20 
said predetermined horizontal direction 
includes a right direction, 
said first predetermined vertical direction 
includes an upward direction, 
and 25 
said second predetermined vertical direction 
includes a downward direction. 

14. An image processing system used for the method 

for filling a polygon in accordance with claim 1 . 30 

15. An image processing system used for the method 
for filling a polygon in accordance with claim 4. 

16. An image processing system used for the method 35 
for filling a polygon in accordance with claim 1 1 . 
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FIG. 2 7 
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FIG. 4 9 
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FIG. 5 3 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



